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Abstract
A popular children's arts and crafts toy made international headlines when it was
discovered that 1,4-butanediol had been substituted into some of its formulations. The chemical
1,4-butanediol rapidly converts to the date-rape drug -hydroxybutyric acid (GHB) upon
ingestion and resulted in the accidental poisoning of some children. In this experiment, students
extract 1,4-butanediol from commercially available toy beads (or prepared simulations) using
their knowledge of pharmaceutical chemistry, solubility, etc. Using case studies available in the
literature, students develop a quantitative analysis experiment for 1,4-butanediol extracted from
the toy beads and, through approximation, relate the extractable amount of 1,4-butanediol to
dose-response data for GHB. In this way, student learning is linked to current events, making
routine analyses relevant and engaging.
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Introduction
The Medical Journal of Australia reported a Notable Case involving the accidental
poisoning of two children from ingestion of toy beads. The popular children's art toys were
manufactured in Hong Kong and purported to contain the relatively harmless 1,5-pentanediol.
However, the toys had been manufactured with the potentially fatal 1,4-butanediol, a chemical
that rapidly converts in the body to the date-rape drug GHB (Figure 1). [1] 1,4-Butanediol is
widely available as an industrial chemical and legal in products “not intended for human
consumption”. [2] Because of this, abusers can obtain 1,4-butanediol and other GHB analogs and
precursors legally. However, consumption or distribution of these compounds is illegal. The
substitution from 1,5-pentanediol to 1,4-butanediol may have been accidental or perhaps driven
by financial goals. The price of 1,4-butanediol is between about $1,350-2,800 per metric ton,
while the price for 1,5-pentanediol is about $9,700 per metric ton. [3] This substitution resulted
in the accidental poisoning of some children, prompting numerous news stories and a world-wide
recall of the product.

Experimental
1,4-Butanediol calibration standards (CAS# 110-63-4) were prepared in acetone and
analyzed using a Shimadzu GC-17A Gas Chromatography (GC) system with a SS420x Flame
Ionization Detector (FID) and a Rtx®-5 column (Restek 15m, 0.25mm I.D., 0.25μm Cat. 10220)
(Figure 2). GC-FID parameters were set with an initial temperature of 90ºC for 1.5 min ramped
at 10ºC/min to a final temperature of 110ºC in split injection mode with inlet and detector
temperatures at 250ºC. A calibration curve was constructed and shows linear response for 1,4-
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butanediol standards (Figure 3). Single toy beads (Bindeez, also marketed as Aqua Dots) [1]
were sealed in Teflon-capped vials and swelled overnight in acetone and the resulting extract
was filtered using a 0.45m nylon filter syringe and quantitatively transferred to a 10-mL
volumetric flask, diluted to volume, and analyzed by GC-FID. The product containing 1,4butanediol may not be readily available to instructors in which case simulations using currently
marketed product (Pixos) containing 1,2,3-propanetriol may be used as a substitute.
Alternatively, instructors may spike 1,4-butanediol onto any commercially available plastic bead.

Results and Discussion
GHB is available as the pharmaceutical sodium oxybate (Xyrem) and marketed as a
narcolepsy medication. Therefore, suggested therapeutic dosages for sodium oxybate for an adult
patient are available (2250 mg) and can be used in calculations of dose/response for ingestion of
1,4-butanediol. [4] Using an average experimental mass 1,4-butanediol extracted from the toy
beads (5.155 mg/bead), students can calculate the number of beads needed to produce a
therapeutic response for GHB (Equation 1) in an adult assuming that the 1,4-butanediol converts
100% to GHB [1].

Equation 1: 2250 mg 1,4-butanediol ×

1 toy bead
5.155 mg 1,4-butanediol

≈ 436 beads

Assuming the average mass of an adult male is 89 kg and a 2-year old child is 13 kg [5],
students can approximate the therapeutic dose for the child in The Medical Journal of Australia
case study [1] using the proportionality in Equation 2.
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Equation 2:
2250 mg 1,4-butanediol therapeutic adult dose
89 kg average adult
≈

329 mg 1,4-butanediol therapeutic child dose
13 kg average 2 year old child

Gunja, et al. document case reports of a 2-year old boy and 10 year old girl who were
admitted to hospitals in the winter of 2007. Both were in a comatose state and pathology
confirmed the presence of 1,4-butanediol in the urine. Tests later confirmed that the source of the
accidental poisoning was ingestion of the toy beads. Using the case studies available in the
literature, students can develop a quantitative analysis experiment to extract 1,4-butanediol from
the toy beads and, through approximation, relate the extractable amount to number of beads
capable of producing a therapeutic response in an average 2 year old child (Equation 3).

Equation 3: 329 mg 1,4-butanediol ×

1 toy bead
5.155 mg 1,4-butanediol

≈ 64 beads

After the international recall, new formulations for the toy craft bead were launched. [6]
The fundamental difference was the substitution of 1,5-pentadiol (and accidental poison 1,4butanediol) with glycerol (1,2,3-propanetriol). The experiment is readily adaptable as a
simulation to determine the amount of glycerol present on commercially available toy craft beads
and calculate the therapeutic dosage if glycerol simulant (Pixos) were assumed to be 1,4butanediol (Bindeez or Aqua Dots).
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Conclusion
Students are able to determine the average percent weight of 1,4-butanediol in the toy
craft bead, and based on the percent weight (approximately 7% w/w), calculate the hypothetical
therapeutic doses for published average patient demographics. Case studies in the existing
literature allow students to expand knowledge gained in laboratory to dose-response data in real
case studies of accidental poisoning. Simulations using toy craft beads that are currently
commercially available make this experiment accessible to all undergraduate chemistry
programs. Additional experiments using volumetric analysis are in process and may allow
adoption of this experiment in general chemistry.

Acknowledgements
This work was supported in part by the Department of Chemistry and Biochemistry at
Kennesaw State University and a Kennesaw State University-Center for Excellence in Teaching
and Learning-Creative Activities and Research Experiences for Teams (CETL-CARET) Grant.
Portions of this work were previously presented at the 2012 Annual Meeting of the Georgia
Academy of Sciences, the 42nd Annual Southeast Regional Undergraduate Research Conference
of the Student Affiliate Chapters of the American Chemical Society, and the 60th Southeastern
Regional Meeting of the American Chemical Society.

5

Dockery – Accidental Poison

References
1. Gunja, N.; Doyle, E.; Carpenter, K.; Chan, O.T.; Gilmore, S.; Browne, G.; Graudins,
A. -Hydroxybutyrate poisoning from toy beads. Med J Aust.2008, 188, 54–55.
2. U.S. Department of Justice Drug Enforcement Administration Microgram Bulletin
2003, 36(5), 92, 98-106.
3. Suchard, J.R.; Nizkorodov, S.A.; Wilkinson, S. 1,4-Butanediol Content of Aqua Dots
Children's Craft Toy Beads. J Med Toxicology 2009, 5(3), 120-124.
4) Mayo Clinic. Drugs and Supplements: Sodium Oxybate (Oral Route).
http://www.mayoclinic.org/drugs-supplements/sodium-oxybate-oral-route/properuse/drg-20067727 (accessed December 1, 2014).
5) Centers for Disease Control and Prevention. Body Measurements.
http://www.cdc.gov/nchs/fastats/body-measurements.htm (accessed December 18,
2014).
6) Casey, N. Tainted Toys Get Another Turn. The Wall Street Journal [Online]
2008. http://online.wsj.com/articles/SB122541224721086433 (accessed April 26,
2013).

6

Dockery – Accidental Poison

1,4-Butanediol

Alcohol Dehydrogenase

-Hydroxybutyric Acid

→
Aldehyde Dehydrogenase

Figure 1. Bioconversion of 1,4-butanediol to -hydroxybutyric acid by alcohol and aldehyde
dehydrogenases.
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Figure 2. (A) GC-FID analysis of 100 ppm stock solution of 1,4-butanediol in acetone, and (B)
extract from a single toy bead swelled overnight in acetone.
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Figure 3. Representative student generated calibration curve.
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